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Multiple sclerosis has steadily held the attention of the investi-
gators for a number of decades, and the careful clinical study of the
disease in conneetion with exhaustive histopathologic research has
resulted in a number of theories on the basis of which the more recent

histologic studies have given gratifying results.
The newer methods of staining and modifications of the older

ones made it possible to differentiate more definitely the tissue elements
which enter into the pathologic process and in consequence of this,
these have been minutely described. However, it is evident in the
conclusions drawn from the results which have been revealed that the
interpretation of the tissue changes and their correlation, not only
from a histopathologic standpoint, but also in connection with the
reaction of certain tissue elements under abnormal conditions and the
reaction of a feeble biogenetic balance in the tissue as a whole, is
incomplete and the conclusions indefinite. This fact warrants not only
a recapitulation, but also establishes a basis for further attempts to
correlate the pathologic changes which have caused the structural
disorganization in the various parts of the nervous system with the
physiologic changes. Further, the careful description of the elements
and the changes occurring in them has made it possible to trace the
origin of the disease to the embryonic stage.

The basis of this investigation rests on four cases of multiple
sclerosis; one of these the writer studied clinically as well; the other
three and later the fourth were patients at the state hospitals for the
insane where the clinical notes and necropsy protocols were made.

All of the cases were under observation for considerable periods of
time and presented sufficient clinical evidence for a positive diagnosis.
For lack of space the case histories and clinical notes are omitted from
the article, but these will appear in full in the reprints.

Case 309.—Necropsy—Many of the bronchial glands were enlarged. The
glands of the small intestines were found enlarged and, on section, showed
cystic change with an abundance of yellow gelatinous substance exuding. The
heart weighed 260 gm. The endocardium showed no marked localized change
and there was no myocardial change. The kidneys showed only such changes
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as those caused by the terminal disease. The liver and spleen showed nothing
of interest.

The Brain : The brain weight is 1,270 gm. The pia-arachnoid is cloudy,
the subarachnoid space contains considerable fluid, the convolutions are every¬
where small and somewhat atrophied, most marked in the frontal and parietal
regions. In that position of the supramarginal gyrus, bordering on the
Sylvian fissure, there is an area semitranslucent in appearance, of rather firm
consistency. A long section passing through the temporal lobe, shows extreme

atrophy of the cortex. It is very narrow and the contrast with the underlying
white substance is diminished. The convolutions in other parts surrounding
this area are widely separated. The gray cortex is unusually dark. The
white substance in the center of the hemisphere shows considerable narrowing.
A long section passing through the red nuclei shows a surface with extreme
congestion of the blood vessels particularly marked in the region of the basal
ganglia. There is also the same general atrophy apparent that was observed
in the other part of the brain. The basilar vessels are free from sclerosis.

In various parts of the brain there are sharply circumscribed, reddish-gray
or grayish-white areas varying greatly in size and shape. In consistency they
are more firm than the surrounding tissue and stand out prominently, there
being a marked contrast between these areas and the background of apparently
normal brain tissue.

Case 302.—Necropsy.—On section of the left lung several small tubercles
were found in the upper lobe and there was. an area of consolidation in the
lower lobe of the left lung. At the apex of the right lung there was a caseated
tubercle about the size of a pea. In the lower lobe there was also some con¬

solidation. In the cortex of the right kidney there was a small cavity contain¬
ing about 2 c.c. of yellow fluid. The spleen showed considerable congestion
throughout with atrophy and cloudy swelling.

The Brain : In opening the cranial cavity it was found that the dura mater

was adherent to the calvarium. A considerable amount of clear fluid escaped
on cutting the dura.

The pia and arachnoid were cloudy. The vessels of the pia were deeply
congested. The basilar vessels were atrophied but showed no sclerosis. The
brain weighed 1,336 gm., its consistency was slightly diminished, the surface
was smooth and the convolutions slightly separated at their tips and a slight
degree of atrophy was apparent in the brain tissue about the central longi¬
tudinal fissure. The brain was hardened in 10 per cent, formalin. A longi¬
tudinal section passing through the middle thalamus shows a narrowing of
the white substance of the center of the convolutions, especially in the frontal
regions. The central white area of the right occipital-temporal region that
borders on the right posterior horn is strikingly different from the left. The
central white area on the right side appears to have an uneven cut surface and
has dark grayish streaks and blotches leaving very little of the white appear¬
ance of the normal tissue. Anteriorly it extends to the posterior border of
the insula and posteriorly to the occipital region, leaving only a small tip
bordering on the occipital gray free. The lesion extends into the central sub¬
stance of the second temporal and a little into the third temporal convolution.
The consistency of the changed area is firm and cuts with increased resistance.
The lateral ventricles appear widened. There are other smaller sharply cir¬
cumscribed areas in various parts of the brain of the same appearance and
consistency.
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Case 412.—Necropsy.—In the apex of the left lung there were old adhesions
found. The right lung was not unusual. There was an increased amount of
fat about the heart, the heart muscles were flabby, soft and thin. The endocardium
was not noticeably changed. The stomach and intestines showed no patho¬
logic change. The liver was large. In the lower border of the left lobe
there was a circumscribed nodule about one-half inch in diameter, of a dark
blue color. The cut surface of this portion was yellowish-brown and in the
center a small cavity containing a small amount of fluid. The spleen was

soft but was normal in size. The cut surface was pale red in color and the
pulp was soft and easily compressed. The connective tissue was increased.
In the kidneys there was nothing unusual.

The Brain : The brain membranes were thickened. The dura mater was

slightly adherent. The pia was cloudy especially over the frontal lobes and
over the cerebellum. The weight of the brain was 34M> ounces without the
meninges. The cranial nerves showed no gross changes. The vessels of the
base of the brain were not sclerosed. The convolutions were small and pitted.
The sulci were rather wide and flowing. There were several small depres¬
sions, as though from atrophy, near the median portion of the frontal lobes.
The spinal cord appeared normal, on section the surface was not character¬
istic. After hardening the brain in 10 per cent, formalin it appeared symmetrical.
The pia mater was slightly thickened and opaque over the extreme convexity.
The consistency of the brain was firmer than usual. The convolutions in all
regions showed great atrophy, most marked over the frontal and central
regions.

Longitudinal sections of the brain 1.7 cm. in thickness, show in all regions,
in both gray and white substances, spots which are somewhat translucent
in appearance of a grayish or reddish-gray color; these vary from 1 to 2.S cm.

and are well circumscribed. The largest are found in the' white substance.
In the region of the thalamus both optic radiations are involved and small
patches are found in the thalamus. The caudate and lenticular nuclei con¬

tained numerous small plaques. The right posterior limb of the internal cap¬
sule from the knee back to its posterior third is sclerosed. There are

sclerotic patches in the corpus callosum and in the external capsule. In the
posterior quadrigeminal regions a dense white spot is seen above the median
fillet. The pyramidal bundles on the left side look grayish and show involve¬
ment. Gray spots are seen in the middle of the pons and in the cresta. The
upper surface of the optic chiasm is rather gray and translucent in appearance.
The cranial nerves appear normal. The cerebellum shows no involvement.
The vessels at the base of the brain are about normal in appearance.

The various spinal cord segments show sclerotic patches in both white and
gray substance.

Case 986.—Postmortem Examination.—The patient died at 8 a. m., March 24,
1915. The postmortem was held at 10 a. m. of the same day.

The body of a greatly emaciated middle-aged white woman. Body heat
present. Beginning rigor mortis in limbs. Hypostatic congestion over back
and buttocks. Postmortem lividity over the left arm. Third and fourth fingers
of the left hand contracted at the second joint on palm. Extreme extension
of the big toes, most marked on the left. Hair on scalp and pubic regions
brown, abundant.

Panniculus almost nil, deep yellow, dry. Muscular tissue greatly wasted,
deep red, dry.
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Pleura: On the left side it is free; pleura over the right shows dense
adhesions over the entire lung, which separate with difficulty.

Left Lung: Weight, 310 gm. Rather large amount of purulent material
poured from the left pulmonary bronchus on the removal of the lung. Upper
lobe gray in color, moderate anthracosis, fairly collapsed. Lower lobe enlarged
over posterior surface, purplish blue color, tough, airless. Anterior surface
of lower lobe comparatively negative. Section over posterior enlarged portion
shows lung tissue tough, moist, pits on pressure, frothy bloody fluid oozes

forth. Section of the lung in the upper region shows the tissue negative.
Right Lung: Weight, 375 gm. So densely bound by pleural adhesions it

is necessary to dissect it out. Upper lobe mottled gray color. Pleura is
roughened and shaggy from torn adhesions. Middle lobe pale gray in color,
pleura rough and shaggy from torn adhesions. Both lobes are moderately
crépitant. Lower lobe is somewhat enlarged, mottled red and purple color,
markedly crépitant. On section in the lower lobe the tissues are seen exceed¬
ingly moist, pit on pressure, tough, glistening and frothy pale serum streams
forth on squeezing. Section of the upper and middle lobes shows them negative.

Heart : Weight, 285 gm. Pericardium thin, rather large amount of clear,
straw-colored pericardial fluid. Heart small in size, filled with fluid blood,
moderate amount of fat over the right heart. Walls of the left ventricle are

moderately thick and fairly negative. Some uneven thickening of one leaflet
of the mitral valve, moderate in degree. Valve of the aorta negative. One
large patch of sclerosis immediately above one leaflet of the aorta valve, few
small patches in other regions. Two of the leaflets of the tricuspid valve show
a rather marked thickening. Walls of the right ventricle negative. Pulmonary
valve negative.

Liver: Weight, 1,085 gm. Dark red color, surface smooth. Capsule
markedly thickened over anterior surface. Walls of the gallbladder consid¬
erably thickened, otherwise negative. Liver sections with comparative ease,
shows a distinct yellow mottling, is markedly congested, otherwise negative.

Stomach : The stomach is somewhat dilated, unusually elongated, walls are

negative. Marked congestion of the mesenteric vessels, moderate enlargement
of the mesenteric glands throughout the entire small intestines, most marked
in the upper portion. Small intestines negative. Appendix closely bound
by its mesentery back of the cecum. Large intestines negative. Abdominal
aorta negative.

Uterus : Comparatively negative. Right ovary is greatly enlarged and
cystic, tube negative. Left ovary moderately enlarged, beginning cystic
degeneration, tube negative. Bladder collapsed, negative.

Spleen : Weight, 80 gm. Spleen capsule negative. Spleen sections with
some increase in resistance, shows rather diffuse increase in connective
tissue.

Left Kidney: Weight, 90 gm. Very little perirenal fat. Kidney normal
in position. Ureter patulous. Capsule thickened, shows a few small cysts
beneath it, strips with some difficulty leaving· a finely granular surface.
Kidney sections with some increase in resistance, shows narrrowing of the
cortical substance, uneven in character. Pyramids are white and fibrous in
appearance. Pelvis is enlarged.

Right Kidney: Weight, 110 gm. Normal in position. Perirenal fat nil.
Ureter patulous. Capsule is thickened, strips leaving a very finely granular
surface. Kidney sections with increase in resistance, shows some uneven
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narrowing of the cortex. Pyramids are fibrous in character. Pelvis is
enlarged.

Pancreas : Negative.
The Brain : Weight, 1,060 gm. Calvarium unusually thick in all regions,

thickening is greater over the left half, very heavy in weight. Dura is
thickened and densely adherent to the calvarium making it necessary to
dissect out the brain. Congestion of the superior and lateral longitudinal
sinuses. Pia of the convexity is markedly edematous over the extreme
convexity especially in the right hemisphere, it is much thickened but to a

lesser extent over the base. Convolutions of the convexity show a rather
marked flaring of summits and widening of sulci in the frontal, superior
central, and parietal regions, most marked on the right. Brain tissue is
unusually soft, flattens out of its own weight. Unusually large amount of
cerebrospinal fluid. Pia of the base is slightly hazy in cisternal regions and
inferior surface of the cerebellum. Convolutions of the base show rather
marked widening of sulci with marked flaring of summits in the temporal
tips. Basal vessels are thin and negative. Cranial nerves are unusually
small. Brain tissues are so soft that blocks of material were taken with
difficulty.

Cord was removed; aside from extreme congestion it showed nothing
else of note.

As an established routine in the State Hospital for the insane, small
blocks of fresh tissue were removed from the various regions of the cerebral
cortex and other parts of the brain as well as from the spinal cord and
placed in 96 per cent, alcohol, Müller's fluid, Zenker's fluid, and 10 per cent,
formalin. The brain as a whole and the spinal cord are placed in 10 per
cent, formalin.

When the tissues were received at the laboratory of the State Psycho¬
pathic Hospital the brain weight was 1,058 gm. The longitudinal diameters
of the left and right hemispheres were 15.5 cm. The transverse diameters
were 12.5 cm. The pia matter of the convexity was somewhat thickened,
this was more marked in certain areas but this apparently had no definite
relationship to any other structure as far as one could observe with the
naked eye. The thickened areas were irrregularly distributed and of vari¬
able size and not well defined. At the base, the changes in the pia were
less marked. The arteries at the base showed some atheromatous patches.
The sulci over a large portion of the convexity were deepened and widened.
The horizontal sections of the cerebral hemispheres at various levels showed
no areas of sclerosis or abnormal variations in color. Both the cortex and
subcortical white matter and the basal ganglia were free from any patho¬
logic process which could be recognized by the unaided eye. The lateral
ventricles were enlarged but their surfaces were smooth. In sections
through the pons at different levels the tissue appeared normal. The floor
of the fourth showed no lesion. In some of the sections of the spinal cord,
especially ' the cervical region, the contrast between the white and gray
matter was lacking and there were more or less distinct variations in the
color in both the white and gray substance. The tissue surrounding the
larger vessels in the central gray substance of the cord showed a contrast
which made these vessels stand out prominently. A similar contrast was
noticed in the posterior root zones and on one side in the anterior root
zone which extended to the margin of the cord posteriorly and some distance
inward on the inner side of the gray horns.
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HISTOGENESIS

It will be noticed that the serologie examination of the cases

reported is incomplete, but many sections of the tissue were examined
by the Levaditi silver method for the Spirocheta pallida which failed
to show this organism. All of the tissue from the four cases which
was examined revealed, in general, a uniform histopathology.

Microscopically, one recognizes in the Weigert preparations numer¬

ous demyelinated areas of varying size mostly oval or circular and
definitely isolated in the brain ; more often were the areas in the
spinal cord coalesced. These were all much larger and more irregular
than any of the areas observed in the brain except those situated in
the central gray matter and in the extramedullary nerve root zones.
Here the areas were well isolated and stood out prominently. In both
the anterior and posterior extramedullary nerve roots similar well
defined areas proved to be of special interest owing to their varied
structure and characteristic architecture. The topographic distribution
of the areas shows little difference in the cases under consideration,
though the extent of the process varied greatly in the different cases.
In the brain of one of the patients the optic radiations of the left side
showed the largest number of sclerosed areas.

The areas were well isolated and could be traced through its entire
length. In the same case the ependymal lining of the posterior horn
of the left lateral ventricle showed a marked granular ependymitis.
The toluidin blue preparations gave a striking picture which made it
possible to quickly recognize and differentiate the areas by the prom¬
inent nucleated zones. Of these areas certain of them have two,
others three well defined circular nucleated zones, one involving the
central blood vessel, another the perivascular area and still another
the tissue surrounding the demyelinated area. In the areas where
but two nucleated zones are in evidence the adventitial tissue contains
numerous nuclei arranged in a circular manner indicating the inner
zone while the neuroglia tissue surrounding the area has an increased
number of nuclei forming the outer zone.

The nuclei belong to a variety of cells which vary in the different
areas. In the area presenting three definite zones they are the con¬

stituents of fat granule cells and large and small neuroglia elements.
There are also other mononuclear and polynuclear cells of various
types.

In the two zone areas they are the nuclear elements of large mono-

nuclear and polynuclear neuroglia cells and smaller neuroglia, and the
nuclei of an embryonic cell type. There are other nucleated areas

which present a uniform structure throughout in which the elements
are of one type in various stages of development. They have no

definite arrangement but lie within the vessel wall.
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In the van Gieson and Mallory phosphotungstic acid hematoxylin
preparation the fiber structure of the areas presents a variable picture.
In the areas that have three zones the newly formed fibers have a

reticular arrangement, while in the areas that present but two zones,
the neuroglia fibers in the inner zone appear as undulating trabeculae
concentrically arranged, while those of the outer zone are reticulated
with finer fibrils in the meshwork.

In the third type the fiber structure is arranged in circles and
whirls, they lie in bundles and stain a deep blue in the van Gieson and
Mallory preparations. This type is further differentiated from the
other two in that they occur in the spinal cord and in the nerve roots

only.
The toluidin blue preparations show the changes in the nerve cells

as those of axonal reaction, acute swelling and simple atrophy. These
variations are not isolated with the variations of the types of-areas
although certain changes in the nerve cells predominate in the different
areas, so that the areas having three zones show a greater number of
cells having an avoid form with a granular cytoplasm and a somewhat
eccentric nucleus, while those having but two zones, the nerve cells in
the surrounding issue show more frequently a narrowing of the body
with an eccentric nucleus and displaced chromatin. Many of the cells
in all of the areas are normal in appearance.

It is evident that some of the different areas may be regarded as

stages in the evolution of the sclerotic plaques, but it is also equally
certain that other areas cannot be transformed into the characteristic
lesion of the disease.

This study is largely an attempt to group the different areas on a

cytoarchitectonic basis and to correlate the groups into a process as a

whole. No effort is made to cover the subject in general which has
been so admirably done by others, especially of late by Dawson.1

Therefore, it will be necessary to describe in detail the different
areas in the endeavor to place them properly in the evolutionary stages
according to their elementary constituents and then to group them
accordingly on an embryogenetic basis.

The shape of the demyelinated areas as brought out by the Weigert
myelin sheath stain is usually oval or irregularly round, and is more

or less sharply defined from the surrounding tissue. In the majority
of the areas the lumen of one or more blood vessels is in evidence.
The blood vessel wall appears in various stages of disintegration with
a proportionate cell infiltration in the remaining connective tissue
meshes and a cell proliferation in the vicinity of the vessel and near

the outer border of the demyelinated area. Other vessels show well

1. Dawson, J. W.: Rev. Neurol. and Psychiat., 15:47 and 16: No. 12, 1917.
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preserved or thickened walls. In the Weigert preparations there are

great variations in the color of these areas, some retain no myelin
sheath stain, others are faintly but uniformly stained, while others
are irregularly stained, which-is due to various stages of myelin dis¬
integration. In the van Gieson preparations it is apparent that the
cellular elements, their arrangement, and the changes within them
vary with the staining qualities shown in the Weigert preparation.
The silver impregnation method gives evidence that the axis cylinders
have been retained within areas where the myelin sheath is absent, but
are not so well defined and there are greater variations in size and
shape as well as in position. Some of the areas in the Marchi prep¬
aration show no black staining, characteristic of degenerating myelin
nor is there evidence of fat granule cells in the Herxheimer prepara¬
tions, while in other areas there are numerous fat granule cells filled
with well stained irregular granules. Bordering the sclerotic area,
interposed between it and the normal tissue, are numerous nuclei of
small and large glia cells, some of which show pronounced glia trabec-
ulae. The glia tissue has a reticular arrangement in some of the
areas, in others the fibrils radiate almost perpendicularly to the vessel
wall apparently having their origin from the cells situated in the
tissue spaces.

The variations in the cellular elements of the demyelinating areas

are best shown in the toluidin blue and original Nissl preparations.
The former give excellent pictures of nuclear and cellular structure
in the various stages of development.

The most striking features in such areas are the variations in the
cells which enter into the process. In some of the areas there are

numerous, regularly placed, large, protoplasmic glia cells encircling or

nearly so, the apparently normal vessel wall. These cells lie in the
perivascular neuroglia tissue and in the adventitial wall. The lumen
of the vessel is dilated, and either empty or containing a few red blood
cells and an occasional leukocyte. In other areas, here and there are

irregularly scattered, in the various layers of the vessel wall, cells of
the same type but showing well marked variations in the cytoplasm
and in the nuclear structure.

In the adventitia one observes an increase of nucleated elements
which are mostly small, round and deeply stained nuclei with a small
amount of protoplasm. Occasionally a few round vacuolated cells
with a central or peripherally placed nucleus are present; these are

absent in many of the areas. In the perivascular tissue, in the adven¬
titia, and in the media of the larger vessels, but especially in the
adventitia of the capillaries and precapillary vessels there are, among
the other cells, single or in groups, large cells with a homogeneous
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cell body, their nucleus is large and vesicular with a definite mem¬

brane and one or more deeply stained nucleoli. The position of the
nucleus is central though sometimes eccentric, and they may be multi-
nucleated. Some of the cells show bilateral indentations and even

lines of division giving the appearance of a just completed cell division
(Plate III, Fig. II—18). Among these cells there are still larger ones

with large protoplasmic processes which penetrate the adventitia of the
vessels. In some areas these cells are absent. Here and there in some

of the sections one observes dilated capillaries, precapillary vessels or

branches of larger vessels which are surrounded by the large pro¬
toplasmic cells showing great variations in structure, form and stain¬
ing qualities. These are apparently representative of the various
stages of the development which result in the formation of glia fibers.
In the same section, various areas present different degrees of this
form of gliosis.

It is apparent in many areas that there is a gradual disintegration
of the blood vessel walls which seems to be in proportion to the gliosis
and which extends from the periphery, as in some areas there is but
an outline of the intima visible. At the periphery of the more or less
demyelinated areas there is a proliferation of nucleated elements which
are mostly small, round, deeply stained nuclei with a small amount of
protoplasm surrounding them. Among them, here and there, is an

occasional fat granule cell. These areas show all stages of myeHn
degeneration. In some of them the demyelinization is well advanced
in the immediate vicinity of the small central vessel, while at the
outer margin there is an irregular loss of the myelin and the process
appears as though it extended from the center, concentrically periph-
eralward.

The vessel wall in some of the areas shows an increase of nuclei
and an increase in its fiber density. The processes of the large pro¬
toplasmic glia cells have a tendency to follow the course of the
fiber trabeculae of the vessel wall ; some of them, however, seem to
extend gradually in a perpendicular plane toward the lumen of the
vessel which stands out prominently in the Mallory anilin blue acid
fuchsin preparations. The color contrast is striking and the picture
presents bundles of undulating fibers encircling the lumen of the
vessel. Between the blue fiber bundles are wide spaces in which appear
numerous pink fibers of varying size, some of which follow closely
the circular course of the blue fiber bundles, while others run in all
directions, and the finer and coarser fibers are closely intermingled
(Plate I, Fig. IV). The variations in this differentiation are marked.
In some of the vessels the pink stained fibrils predominate, while in
others there is a dense blue circular band with but few, fine, pink fibrils

Downloaded From: http://archneurpsyc.jamanetwork.com/ by a University of Iowa User  on 06/02/2015



with a small lumen in the center. In other vessels no trace of blue
fibers is in evidence, and but few nucleated elements are apparent.
The lumen is nearly obliterated and in some vessels beyond recog¬
nition.

It is evident from the final results, as shown by the differential
stains, that all of these variations are not the products of the same

process. In the one the ectodermal, in the others the mesodermal
tissue, alone is represented at the terminal stage.

The microscopic pictures of the cellular elements are most varied.
There is the simple lymphocyte-like undifferentiated cell type which
occurs in the tissue spaces of the capillary, the precapillary and the
larger vessels (Plates III and IV-—17). This cell is not found in the
nerve tissue outside of the perivascular lymph spaces. It was not
found in any pathologic condition of the nervous system after studying
a large number of preparations of varied conditions. In the glioma
there occurs a similar cell; in fact, almost identical except for size.
Not any of these cells were as large and regularly formed as the type
which will be described presently.

In the toluidin blue preparations (Plate III, Figs. II, III and IV—
17), the cell is large, round, sometimes slightly ovoid or irregularly
round with a large, round, central nucleus which is of a light blue color
usually uniformly stained with a definite nuclear membrane. The
cytoplasm is homogeneous, sharply circumscribed and nearly colorless,
there is usually the slightest tint of purplish-gray in the cell body.
This type occurs single very rarely, two are seen in close proximity.
There are from two to five in one area. In longitudinal section they
are placed a considerable distance apart, often they are observed
where a branch joins the main trunk of a vessel. They are present
in the areas marked by the absence of fat granule cells and rarely
were they found in areas with a large number of fat granule cells.
The distribution of these cells covers the brain, spinal cord and nerve

roots, and always in connection with the sclerotic process.
The cells are easily differentiated from the other cell types, espe¬

cially the lymphocytes, because of the regular size and form of the
cell body and the nucleus, the uniform stain of the nucleus and its
light blue color and the pale bluish-gray cytoplasm, though some of
the cell bodies remain unstained. This type of cell will hereafter be
spoken of as "the undifferentiated cell."

In the same preparations and in the same area there are round
and ovoid cells with crenate nuclei which are deeply stained and in
which a definite membrane can be distinguished. The cytoplasm takes
on a deep purple color. Other cells are rather long, ellipsoid bodies,
the nucleus of the same shape which is outlined by a fine granular
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border which stains deeply blue and the protoplasm purple, and it
occupies a central position. Some cells of this type show bilateral
indentations in the nucleus, others show the same process in the cell
body, and from this form it is possible to trace them to complete
division resulting in two large, round cells with a large nucleus which
is marked by a finely granular border and homogeneous protoplasm.
The cell body is uniformly stained a pale purple. Similar cells show
deeply stained, irregular granules in the peripheral cytoplasm which
in some of the cells have very fine striations proceeding from them.
In other cells the striations are stained more definitely and can be
made out as bundles of fine fibrils, and from this type the successive
stages in the formation of the large protoplasmic pathologic spider
cells can be traced. In either the van Gieson or toluidin blue prep¬
arations large epithelioid cells are a prominent feature. At first these
cells are few, they lie isolated in the adventitial tissue as small, round
or ovoid bodies, the nucleus proportionately large with a small amount
of cytoplasm surrounding it, but in other areas they are more variable
in size and greater in number. In such areas they appear as large
central or eccentric nuclei containing a large amount of chromatin
which is deeply stained. The changes in the nucleus and the increase
in the protoplasm in these cells can be traced until large round cells
are formed. From such cells all the stages of development to the
fully formed fat granule cell are in evidence in the areas where this
process predominates. In such areas the nuclei that undergo these
rapid changes lie within the vessel wall while those in the perivascular
lymph spaces are well formed fat granule cells ; further, many areas
show the presence of these cells without any marked change in the
nuclei of the neuroglia elements. The fat granule cells are found
only within the lymph spaces and the vessel wall.

The increase of the nucleated elements within the vessel wall is of
several types : In the adventitia occur large, round nuclei with a clear,
chromatic framework, surrounded by a round or irregularly round
protoplasm of more or less granular structure. These are endothelial
cells from the lymph spaces. Other forms of the adventitial cells have
darker eccentric nuclei with ovoid cell bodies which show more or less
stained substance which probably arises from the connective tissue
elements of the adventitia. Aside from these there are fibroblasts,
mast cells and a few plasma cells situated within this layer.

The increase of nucleated elements in the tissue surrounding the
areas of demyelination is dependent on a number of cell types; there
are large nuclei with a clear and regular chromatin structure with a

considerable amount of deeply stained protoplasm around the nucleus ;
other cells show a branching of the protoplasm, and there are forms of
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varying size and shape, many of which are multinucleated. In some

of the mononuclear cells there are prominent granules arranged in
two half circles which almost meet. The protoplasmic processes show
fine striations which in other cells prove to be a fibril formation.
Some of the cells seem to undergo regressive changes, they appear
narrow, having an irregular border frequently in contact with the
nucleus laterally; some of these narrow elongated bodies have no

nuclei.
EXTENSIVE ELEMENTARY CHANGES OCCUR

From the foregoing it is evident that widespread elementary
changes take place, the character of which indicates in part a disturb¬
ance of their interrelationship and in part a primary new formation.

In a closer consideration of the different preparations presenting
various color pictures and different planes of demyelinated areas one

is constantly reminded of the two principal types.
Some of the areas consist largely of numerous fat granule cells

surrounding a central engorged or thrombosed vessel with a marked
nuclear infiltration of its wall. The myelinated fibers show all stages
of degeneration. The nonmyelinated area has a loose meshwork sur¬

rounding it, in the spaces of which are fat granule cells with interposed
proliferating glia elements. In some of the areas the zone in the
immediate vicinity of the blood vessel shows the spaces of the fenes-
trated structure clear, while in the peripheral portions the fat granule
cells remain. This dissolving out of the degenerated myelin and
destruction of the cells may occur during the process of preparation,
but it is evident that there is a difference in the appearance of the
granules in the different stages of disintegration from the variation
in the stain, these areas give the appearance of changes found in acute
myelitis and are properly termed areas of "fat granule cell myelitis."
The axis cylinders are markedly altered in that they are swollen and
show great variation in size and staining qualities. In longitudinal
sections they are very irregular, and with elective axis cylinder stains
(Cajal's and Bielschowsky's methods), they appear, here and there, as

finer and larger vesicular granules, and as rows of segments of
irregular contour and clumps amidst long rows of fat granule cells
which seem to occupy the spaces left by the disappearance of the
myelin. Rows of these cells fill the blood vessel sheaths which in
cross-sections and under low magnification appear as concentric rings
around the blood vessels. The fat granule cells are best differentiated
in the sections stained with Scharlach R and hematoxylin. They
vary greatly in number in the different areas. There are but few in
some areas where the demyelination is advanced and the normal tissue
has been replaced by an overgrowth of neuroglia fibers. Closely
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related to the foregoing are the areas in which there is an exúdate
into the tissues surrounding the vessel and into the vessel wall, con¬

sisting largely of mononuclear elements and a few red blood cells.
This exúdate causes a separation of the tissue fibers in the vessel wall
and in the tissue surrounding it forming spaces which are filled with
elements of the exúdate. In many capillaries and precapillary vessels,
the endothelial cells have proliferated causing an irregular projection
in the lumen of the vessel, and at some of these points there are col¬
lections of polymorphonuclear cells which probably represent the
beginning of thrombus formation. In a longitudinal section of one

of these vessels it appears that the vessel wall is wavy, apparently
from unequal resistance in the vessel wall and the surrounding tissue.
Here and there are bilateral indentations of the vessel wall which in
some places are connected by thin fiber bands containing both mono-

nuclear and polymorphonuclear elements with an accumulation of
red blood cells. A marked reaction in the tissue surrounding the area

is evident in the increase of the nucleated elements. Fat granule
cells and fiber-forming neuroglia elements are in abundance. The
Herxheimer fat stain shows the presence of a large number of fat
granule cells filled with red stained clumps and granules.

In sections of the spinal cord a number of areas stood out prom¬
inently which appeared at irregular distances from each other, fol¬
lowing the course of the posterior root fibers. They not only occur

here, but also in the central gray matter. In structure, they differ
from any of the areas described in the foregoing, which under higher
magnification become at once evident in the staining quality and the
architecture in general. A number of these areas were easily differ¬
entiated on the posterior and the anterior nerve roots, and in the
respective root zones. In the region of these areas the extramedullary
posterior root in cross and longitudinal sections show a double struc¬
ture which divides it into two unequal parts, with an abrupt line of
demarkation caused by a difference in the staining of the structures
(Plate V, Fig. II—31 and 32). The portion lying nearest to the spinal
cord shows a fibrous structure containing large, well stained elongated
nuclei with blurred ends and with their long axis parallel to the
course of the fibers. The other portion presents the picture of a

more or less degenerated nerve.

In the van Gieson preparations in cross-section the former shows
numerous small disks with a central point, apparently the axis cylinder.
The outer zone is stained a yellowish-green with a pink ring and a
few deeply stained nuclei giving the whole a sharp contour, resembling
the picture of a periperal nerve, but differing from this in its finer
structure and more numerous neurilemma nuclei. Between these areas
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there are irregularly scattered, round or ovoid, deeply stained nuclei
around which there is just a trace of an irregular cell wall. The
nuclei are identical with those found in the sclerosed areas of the
spinal cord. Occasionally one sees a round cell with a deeply stained
round nucleus. The cell is perfectly clear, the nucleus at times shows a

distinct reticulum or regularly placed granules in its periphery with a

few larger ones in the central portion. This cell is identical with the
undifferentiated cells described in the foregoing. In the periphery
of this area there is a marked proliferation of cells and apparently a

proliferation of cells in the sheath of Schwann (Plate V, Fig. Ill—34).
There are oblong and ovoid cells arranged in one or two rows ; they
vary somewhat in structure which gives them the appearance of the
cells in the various stages of development which finally leads to fiber
formation in some of the areas of the cord. Here and there these
clear cells are situated under this stratum and among the cells form¬
ing the outer stratum. They are identical with the undifferentiated
cells described in connection with the areas of the brain sections. In
longitudinal sections the fibers appear yellowish-green with a central
line of pink or a deep blue stained center in which there appears a

pink line at frequent intervals and an elongated nucleus with blurred
ends fading into the p'ink line.

The elongated nuclei can be traced with the longitudinal fibers of
the root into the cord where other blood vessels are found around
which a similar process is developing, while in other regions, but along
the same course, nodules of varying size with numerous deeply
stained elongated nuclei are seen. Near the central canal, in about
the position of the central artery and vein, two large nodules repre¬
sented in Plate IV, Fig. II—24, and Plate V, Fig. IV, show a whirl
arrangement of its fibers. In the outer part of each nodule the lumen
of the vessels can still be identified showing an intimate relationship
with the vessel wall. Numerous long ovoid nuclei are lying in the
course of the fibers, with blurred ends completely fusing with the
fibers, some of them assuming a curved shape owing to the course of
the fibers. The nuclei stain deeply, revealing a granular structure
and a membrane with densely distributed chromatin granules. The
characteristic features of the nuclei are, the elongated ovoid or cylin¬
drical shape and their arrangement with reference to the fibers, giving
a striking contrast to the oval nuclei of the endoneurium and the
endothelial cells.

The nuclei of the connective tissue are not so deeply stained nor

those of the endothelium. The nuclei belonging to the connective tissue
frequently show a transverse direction with reference to the fibers,
and both these and the nuclei belonging to the endothelium usually
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contain a nucleolus. The area surrounding the nodules in the spinal
cord show a dense neuroglia network giving the whole area con¬

centric color differentiation, and it is evident without applying other
differential stains that these nodules are not the usual sclerotic
plaques, but despite this convincing picture other staining methods
were used with interesting results.

The Weigert myelin sheath stain is almost as deep in the nodules
as in the surrounding normal nerve tissue, and with a low power mag¬
nification these areas stand out prominently owing to the dense pro¬
liferated neuroglia surrounding the nodule. Higher magnification
shows that the fibers are not so deeply stained as in the normal tissue,
but their apposition is closer. There is a marked difference in the
staining quality of the different fibers ; the longer fibers seem to have
taken on a deeper stain while the shorter ones are but faintly stained ;
the latter are more prevalent in the central part, the former in the
periphery.

In the region of the posterior root this process shows an intimate
connection with the pial sheath of the root, the pia of the cord, and
the pial trabeculae extending into the cord. Here the area assumes a

wedge shape with its apex inward and its base resting on the posterior
root (Plate V, Fig. I—28) ; the whole process is apparently within
the pial sheath following the course of the sheath, forming a cylinder
directed obliquely toward the central part of the cord (Plate V,
Fig. II). The cross-section of this region shows that the process
remains within the pial sheath and the blood vessel wall. The fibers
form in whirls gradually obliterating the vessel wall and eventually
the lumen of the vessels. The neuroglia surrounding these areas is
exceedingly dense, but in no way connected with the fibers of the
rounding tissue (Plate V, Figs. 1 and II).

It is striking that the fibers of the more peripheral areas are more

deeply stained and the staining quality diminishes toward the center.
The posterior root-fibers show a marked demyelination which is also
evident in the intramedullary root-zone. The neuroglia in this region
is increased in cells and fibers which, however, does not extend into
the pial sheath. This type of nodule was not demonstrated in the
brain tissues.

The same sections of the spinal cord show other well defined areas

with a structure well differentiated from that just described. Under
low power magnification the nuclear elements are strikingly different
in size, form, arrangement and staining.

The toluidin blue preparations show areas containing densely
nucleated zones extending about a centrally placed vessel. Some of
the areas show two, others three, definite zones. The nuclei of the
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inner zone are much larger and more irregular in size, form and
structure than those of the outer zones. In some of the areas the
outer zone shows a greater number of nuclei many of which are

identical with those in the normal neuroglia tissue, while those of the
inner zone are nowhere found in the neuroglia tissue. These areas

are identical with the areas described in sections of brain tissue,
showing a progressive neuroglia new formation. Areas of the same

structure are also in evidence in the nerve roots and root zones.

SUGGESTED CLASSIFICATION OF THE PATHOLOGIC PROCESS

In the classification of the demyelinated areas one encounters much
convincing evidence that the pathologic process can be divided into
two main divisions :

1. A process of evolution, which results in the building up of iso¬
lated areas of new tissue and the destruction of the tissue in which it
develops.

2. A process of retrogression, which results in the breaking down
of isolated areas of normal tissue and a reaction in the surrounding
tissue which leads to secondary sclerotic areas.

The histology of the different areas is sufficiently characteristic so
that they can be isolated on this basis and placed under the two heads.
The pathologic changes frequently described as acute, subacute and
chronic forms of the disease can, from an elementary standpoint, be
classified as stages of the primary progressive process or steps of
retrogression. However, there are groups of histologie elements
which have no association with the surrounding tissue and do not
enter the process of sclerosis, but form definite isolated areas. Such
areas were found in the spinal cord and in the nerve roots in three
of the cases which furnished the material for this investigation. (In
the fourth case the spinal cord was not at hand.) Thus a third division
must be made.

A process of evolution in which primarily only neuronic elements
are involved and which forms characteristic nodules in the spinal cord
and in the nerve roots.

I. PROCESS OF EVOLUTION

The process of evolution which determines the actual or primary
sclerotic plaques, the characteristic lesion of primary disseminated
sclerosis as designated by Charcot, can be isolated from all other areas
according to this classification on a basis of its cytoarchitecture. The
areas classified under the first head have no intermediate stage known
as "fat granular cell myelitis," nor are there any definite stages in the
evolution so far as the process, as a whole, is concerned and not until
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retrogression in the areas begins can such stages be differentiated.
The study of cell changes in such areas, from the beginning to their
final disposition, consists of cell division, transitions to fiber formation,
and retrogression of the cellular elements.

It is convenient to describe the areas of this type, occurring in
the intramedullary and extramedullary root zones and in the posterior
columns of the cervical cord. In the van Gieson and toluidin blue
preparations many such areas present a characteristic microscopic
picture under low magnification, in that they show two well defined
nucleated zones consisting of two or more layers of somewhat variable
nuclei. The one surrounding the lumen of a blood vessel, the other
encircling the demyelinated area. The earliest deviations from the
normal in the structural elements surrounding a capillary or pre-
capillary vessel in the vicinity of the posterolateral septum of the
posterior column, are indicated by cellular elements in the adventitial
tissue or adventitial lymph spaces which are not found in the normal
structure of the nervous system. Such elements consist of large
round cells with structureless cytoplasm and a central well stained
nucleus in which the chromatin is plainly visible. This type of cell
varies little in size, and there are few in number. There are larger
cells similar in form with perfectly clear cell bodies, and as they vary
in size, there are accordingly variations in the nucleus. These varia¬
tions are differences in staining, in size and arrangement of the stained
bodies in the nucleus and in the size and form of the nucleus. Many
of these types show no variation in the cytoplasm which remains clear
and colorless. There are other cells still larger and ovoid in form
which show indications, in the arrangement of the stained particles in
the nucleus, of mitotic figures (Plate III, Fig. IV—18) ; others of the
same type show a bilateral indentation of the cell body, while still
others show a line of complete division, each stage presents a corre¬

sponding variation of the nucleus indicating a previous mitosis. In
some of them fairly definite mitotic figures could be recognized. Some
of the cells show various stages of division without any indication of a

mitosis and it is possible that direct division also takes place. Under
higher magnification the cytoplasm appears granular and is faintly
stained. The elements increase in size till large protoplasmic fiber-
forming glia cells are formed (Plate X). As these cell types increase
in number they migrate into the meshes of the deeper layers of the
blood vessel wall where they show some variations.

The transversely cut blood vessels show with van Gieson's a well
stained pink wall of varying thickness, presenting a wavy connective
tissue structure, the meshes of which show irregular spaces in which
are seen cells of the type just described. They are all of the same
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type in various stages of development as is indicated by their differ¬
ential staining qualities. The cytoplasm stains faintly, but becomes
more decided and variable with the nuclear change until the fiber
formation becomes evident. The longitudinal sections of vessels show
a similar structure. At irregular intervals the lumen is narrowed by
wave-like constrictions. At some points there are wedge-shaped pro¬
jections into the lumen of the vessel, some of which meet a similar
projection of the opposite wall whereby the lumen of the smaller
vessels is often obliterated and that of the larger ones narrowed.
Under higher magnification it is shown that the structure of this new

formation consists of a proliferation of cells of the same type as those
described in the cross-sections of vessels.

In the Mallory anilin blue preparations it is evident that there are

newly formed capillaries at the margins of the plaques which extend
into the newly formed neuroglia tissue of the areas. In the Mallory
phosphotungstic acid hematoxylin preparations the neuroglia fibers
around each vessel radiate almost perpendicular to the vessel wall no
matter in what plane the vessel is sectioned. The fibers are arranged
in bundles parallel to one another with more or less interlacing, and
more dense in the central portion, and because of fewer fibers toward
the periphery of the plaque, the radiations are more apparent, which
would indicate that the process extends from the center peripheral-
ward. This is also evident in the more advanced stages where the
central portion of the plaque is a structureless mass while the periphery
still shows the rays of the neuroglia fibers (Plate VII, Fig. II). The
plaque is sharply circumscribed by an abrupt margin determined by
the difference in the arrangement of the neuroglia fibers within the
area and those in the surrounding tissue. In the plaque the fibers
course in regular undulating lines from a more or less definite central
point, while in the surrounding tissue the neuroglia has a reticular
arrangement. The neuroglia nuclei lie more often isolated, sometimes
in short rows or groups between trabeculae of fibers. They are

larger, clearer and more variable in form than in the normal tissue.
In some of these areas they are more numerous in the central portion,
while in others a greater number is seen in the periphery. Between
the glia fibers are persistent axis cylinders of variable size and form ;
they lie either centrally or more or less peripherally, and sometimes
at the margin of a clear space marked by the complete absence of the
myelin sheath giving the impression of an empty tube in the center or
to one side of which there appears the end of a cut cord. In longi¬
tudinal section the axis cylinders appear as irregular lines ; some of
them are thin and fine, others appear as thick but faintly stained bands
situated in a clear space abutted by dense neuroglia tissue. The origi-
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nal course of the axis cylinder is apparently not altered, as this corre¬

sponds to the location and the plane of the section in which it is
observed.

The nerve cells in the regions where primary plaque formation
occurs are apparently not displaced from their original location, and
in many formed plaques there are nerve cells retaining their outline
and structure, but others showing more or less intracellular changes
characteristic of axonal reaction. Similar changes are seen in the
nerve cells of the transition zone.

The van Gieson, Mallory and Alzheimer preparations show marked
variations of size in the neuroglia fibers concerned in the areas of this
type. The large fibers form bundles into which the finer fibers pene¬
trate and form bundles of fine fibers lying between the larger fibers.

These trabeculae are arranged in regular undulating lines forming
concentric layers closely pressed together about a more or less definite
central point in which appears a blood vessel or a remnant thereof.
The tissue becomes denser and denser until the fiber structure is
completely obliterated.

The neuroglia tissue abutting the primary sclerotic plaque shows a

greater density than the normal tissue. The nuclei are more numerous,
but all relatively small and deeply stained. The tissue forms a dense
network composed of fine and thicker fibers forming a narrow but
definite zone between the normal tissue and the margin of the sclerotic
plaque. The margin of the demyelination of the primary sclerotic
area is abrupt. The Bielschowsky preparations show this clearly.
There is no gradual fading out of the color within the area which is
the case in the transition zone surrounding it. The only connections
between the two are the newly formed capillaries extending from this
area into the transition zone or vice versa. Sometimes the capillaries
lie at the border of the area and follow this line for some distance.

Earlier in the development the axis cylinders can be traced from
one zone to another ; these show a difference in color which becomes
darker as it passes into the reaction zone and finally into the normal
tissue. Later they become invisible in the sclerotic area, but can be
traced to its border.

In studying this type of plaque in tlie various sections of the ner¬

vous system the impression is received that the process remains the
same except for the changes which necessarily follow variations in the
normal architecture. The pathologic cell types in the areas of the
posterior tracts of the spinal cord can be demonstrated in the areas

occurring in the cortex and in the white matter of the brain as well
as in the extra medullary and intramedullary nerve root zones. That
this is true of the extramedullary root zone is an important factor
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with reference to the origin of this type of sclerotic area which will
be considered later. However, at this period the impression remains
that the areas described under the head of primary sclerotic plaques
are of a definite type in origin and development with a constant final
disposition forming the essential lesion of the disease known as mul¬
tiple sclerosis. To recapitulate : these areas in longitudinal and trans¬
verse section show a constant elementary structure which consists of
newly formed neuroglia cells of the fiber-forming type which appar¬
ently have their origin in an undifferentiated embryonic element lodged
in the adventitial tissue of the blood vessels. This undifferentiated
element shows developmental changes which, when correlated, are

the successive stages in a process leading to fiber-forming neuroglia
elements and because of the arrangement of the tissue in which they
are lodged they encircle the lumen of a blood vessel which forms the
basis for the concentric undulating arrangement of the neuroglia fiber
trabeculae and the outline and abrupt limitation of the primary plaque
formation and the consequent slow demyelination of the nerve fibers
in a certain radius. Very different is the development of the narrow

reaction zone situated between the plaque and the normal tissue. Here
the normal architecture is retained except that there is an increase in
the nuclear elements and a condensation of the original meshwork
and an alteration in the myelin sheath which is evident in the paler
stain as compared with that of the normal tissue.

SYNOPSIS OF PART I

The primary sclerotic area, the essential lesion of multiple sclerosis,
is characterized, as observed in toluidin blue and van Gieson prep¬
arations, and also Nissl preparations, by two densely nucleated zones,
a perivascular and a marginal reaction zone. The perivascular zone

consists of undifferentiated embryonic elements, large round and oval
neuroglia cells in various stages of proliferation (multinucleated cells
and cell division and various mitotic figures) and large protoplasmic
cells with extensive protoplasmic processes which show differentiation
into neuroglia fibers. The Alzheimer neuroglia cell stain fails to show
ameboid forms in this zone. In the same preparations the marginal
reaction zone shows numerous small and large nuclei belonging to
variable neuroglia cells lying in the neuroglia fiber reticulum. The
smaller cells predominate, they are generally round or slightly
elongated and may contain one or more nuclei, but little protoplasm.
A number of spider cells are irregularly distributed in this zone.

The Bielschowsky and Weigert preparations present a sharply cir¬
cumscribed demyelinated area which borders on a more or less irregu¬
larly demyelinated marginal transitional reaction zone. In the primary
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sclerotic area the axis cylinders are more persistent, while in other
zones their distintegration varies directly with that of the myelin
sheaths.

In the Mallory phosphotungstic acid hematoxylin preparations and
the van Gieson neuroglia stains, the neuroglia fibers appear as con¬

centrically arranged bundles placed perpendicular to the plane of a

central blood vessel. Between the trabeculae there are finer fibrils
which interlace with those of the larger ones. In the marginal reaction
zone the normal architecture is retained and consists of a dense meshed
fibrillar neuroglia tissue. The blood vessels appear more numerous
and their walls are thickened. This arrangement forms a condensa¬
tion of the normal glia meshwork with a corresponding loss of myelin
sheaths and axis cylinders. The demarkation of the two zones is
abrupt owing to the difference in the structure of the neuroglia. The
Herxheimer preparations do not show fat granule cells or any prod¬
ucts of disintegration in the sclerotic area, and there is no stage of
"fat granular cell myelitis." Some of the ganglion cells in these areas

are well preserved ; many, however, show the change characteristic of
axonal reaction.

II. PROCESS OF RETROGRESSION

A process of retrogression forming secondary sclerosed areas the
result of a reaction incident to the primary lesion.

Such areas occur in the same sections with the primary sclerotic
plaque. In longitudinal section of a vessel both types are present.
The secondary sclerotic areas in the same preparations are character¬
ized by the almost complete absence of myelin. In this area there are

three definite nucleated zones conforming to the outline of the demye¬
lination. Within the area two cell types are prominent, proliferating
glia cells with numerous processes and fat granule cells. The larger
blood vessels are dilated and have thickened walls, the lumen of the
smaller vessels is frequently obliterated. The axis cylinders are per¬
sistent in various forms. Observing the inner zone under higher
magnification, it appears that there are a large number of cells in the
tissue spaces surrounding a blood vessel and in the tissue of the vessel
wall including the media where two kinds of cell elements predominate :

1. The large vacuolated fat granule cells with central or peripheral
nucleus. These cells are composed of a very large number of irregu-
largly round granules which stain black with osmic acid and a bright
red with Scharlach R. Some of the cells are completely obliterated
by these granules and appear as a large mass of black or red granules,
or clumps forming concentric rings around the lumen of the vessel
wall. In this inner zone no granules are found outside of the cells
and the narrow spaces between the cells are clear.
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2. The large protoplasmic glia cells with branching processes. In
the toluidin blue preparations these cells appear in the various stages
of development ; this is evident in the variations of the large vesicular
nucleus which usually shows one or more deeply stained nucleoli. The
nuclear variations consist of changes in position and form of the
nucleus and in the arrangement and density of its chromatic substance.
Closely associated with these are multinucleated cells in various stages
of division of the cell body. In the phosphotungstic acid hematoxylin
preparations the protoplasmic processes of the cells show minute
fibrils which extend between the surrounding elements some distance
following the course of the tissues of the vessel wall. In the toluidin
blue preparations other cell elements are observed. In the adventitia
there are a variable number of small, round cells, with deeply stained
nuclei and a small amount of protoplasm; these are proliferated con¬

nective tissue elements of the adventitia. The endothelial cells of the
capillaries are increased, some of them detached and apparently have
passed into the surrounding tissue. They have increased in size,
forming large, round cells with a central nucleus in which a more or

less definite structure appears. The chromatin stains well, while the
cell protoplasm is but faintly stained with hematoxylin. From such a

cell the different stages of development can be traced to their final
dispositions, as the fat granule cell. In some of the areas they occur

isolated in the tissue, in other areas they are present in large number
and bear a direct relation to the disintegration of the myelin sheaths.
Together with the fat grannie cells there are other nucleated elements
in the adventitial tissue, and in the toluidin blue preparations which
appear as small cells, whose nuclei are scarcely distinguishable from
the former. They have dark purplish-blue nuclei and cytoplasm of
a lighter blue color in which a few dark blue or purplish granules are

present. There are also large mononuclear cells with deep blue or

dark lilac colored nuclei.
The cytoplasm of some of these cells is pale blue, in others it is of

a deeper blue ; it contains dark lilac or deep purple-colored granules.
Two other forms appear less frequently. They are about the size of
polynuclear leukocytes with purplish or dark blue, irregular-shaped
nuclei, and with cytoplasm of a lighter blue in which are embedded
numerous coarse, dark purple granules of variable size. Another
type of cell frequently observed in the adventitial tissue is a compara¬
tively large cell, irregularly round or ovoid with a deeply stained round
or oval, eccentrically placed nucleus. The cytoplasm is comparatively
large in amount and stains a deep blue except a small portion adjoin¬
ing the nucleus which takes on a deep violet color.

These various forms of cells are apparently leukocytes, mast cells
and plasma cells, respectively.
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The Kulschitsky-Pal and Weigert preparations show a more or

less complete absence of the myelin sheaths in the perivascular zone,
but few axis cylinders persist, and those present are markedly altered.
The glia trabeculae are thickened and the finer fibrils form a reticulum.
Some of the glia meshes are obliterated by a dense fibrillary feltwork.
Surrounding this zone is an intense proliferation of darkly stained
nuclei which are mostly the nuclei of large protoplasmic glia cells,
though many epithelioid cells lie between the latter.

In the periphery of the perivascular nucleated zone, the arrange¬
ment of the nuclei is more irregular, the nuclei are smaller, more

variable and more numerous than in the normal tissue, and the glia
fibers form a reticulum. The myelin sheath stain is apparent and
shows a gradual increase in intensity toward the periphery until the
transition merges into a deep blue color, and thus there is a definite
transition zone without an interruption between the pathologic tissue
and the normal. While there are striking contrasts in the different
areas belonging to the secondary changes, they all have the character¬
istic elements of a reacion which separates that from the primary
lesion and the variations in them are sufficiently definite so that they
can be grouped as successive stages of a secondary sclerosis as follows :

1. What may be considered as the first indication of a change in
the tissue, characteristic of a secondary reaction, which is best shown
in the toluidin blue and van Gieson preparations, is a slight swelling
of the tissue meshes. The small capillaries are dilated and engorged
with blood, the adventitial lymph spaces show a slight dilation, and in
the van Gieson preparations the myelin sheaths do not stain so well
in this area and the axis cylinders are swollen and take on a diffuse
pink stain. These changes indicate a stasis such as is found in myelitis.
In the toluidin blue preparations of the same area there are various
mononuclear cell types in the adventitial spaces. These are mostly
leukocytes, but there are plasma cells and mast cells which have already
been described. In the perivascular tissue the normal spider cells
show a distinct enlargement of both the nuclei and the protoplasmic
processes. The smaller glia nuclei do not stain so deeply within the
areas as in the tissue outside. These changes, though slight, present
under low magnification definitely circumscribed areas because of the
increase in the nuclear content of the adventitia and the contrast in the
stain between the perivascular area and the surrounding tissue.

2. In another area, the next stage in this process, there are large,
isolated, epithelioid cells which vary greatly in size and in the staining
of the protoplasm. In the larger cells, the nucleus has a definite
chromatin structure and the protoplasm takes on a faint hematoxylin
stain. Some of them are vacuolated and the protoplasm stained faintly
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purple has a distinct membrane surrounding it. These are apparently
fully developed "fat granule cells" and mark the beginning of a "fat
granule cell myelitis" of other writers which is characteristic of
secondary reaction changes. In this area the swelling of the struc¬
tural elements is more marked. Large protoplasmic glia cells are

present, some of which are multinucleated. The myelin sheath of
individual nerve fibers is but faintly stained, some of them are unrecog¬
nizable, in others only an outline of the myelin can be seen. The axis
cylinders are faintly stained and lie in the center or to one side of a

clear space. The vessel wall shows a nuclear increase. The endo¬
thelial cells are proliferating, some of which have become detached,
lying perpendicular and oblique to the vessel wall. Everywhere in
the area the small vessels are prominent and give the impression of
an increased number within and in the neighborhood of the area, but
this is probably because they are more perceptible, due to engorgement
and nuclear proliferation.

3. In this area, the following stage appears as an exaggeration of
the former. The fat granule cells are more numerous, the whole
tissue in the area is permeated with them, they fill every tissue within
the area, so that each vessel in cross-section is surrounded by two
uniform cellular rings of one or two layers and sometimes three, of
fat granule cells, among which are large protoplasmic multinucleated
spider cells. The long ramifying processes of the enlarged glia cells
extend over a long distance between the fat granule cells following a

more or less circular course. There is an increase in the nuclei of
the adventitia showing a definite reaction in both the endothelium of
the small vessels and in the adventitial wall of the precapillary vessels
which at a later stage becomes evident in a connective tissue prolifera¬
tion which is well shown in the preparation of Mallory's anilin blue
stain. There are fibers which stain a deep blue ; these represent the
connective tissue of the vessel wall; between these is a reticulum of
bright pink fibers in the meshes of which are nuclei of the same color.
There are also much finer fibers following the course of the connective
tissue trabeculae containing elongated nuclei placed parallel to the
fibers which are stained pale pink. The fibrils are of the same color.
They are of different size, arrangement and color than the neuroglia·
fibers and nuclei, and must be regarded as fibroglia fibrils and nuclei.

4. The observations made in the Mallory preparations and those
which have just been described represent the main histologie features
of this stage. The fibrillation is more dense, the nuclei are diminished
in number, differentiation of the fibers is more difficult and finally the
neuroglia fibers cannot be demonstrated. In the perivascular zone

there is already a dense neuroglia fiber reticulum, the cellular elements
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are less in evidence. The myelin sheath stain no longer appears, and
there are but few persisting axis cylinders which are faintly stained.
In the transition zone there is a gradual increasing density of the
neuroglia tissue, though the -normal architecture is retained. The
myelin sheath stain shows an irregular color which is more intense
toward the periphery. The axis cylinders are preserved in varying
degrees, which is indicated by the variations in the stain. Here and
there are a few fat granule cells and an occasional spider cell.

5. The essential feature of this period is a further development of
the fibrillar neuroglia tissue. In the Mallory phosphotungstic acid
and van Gieson preparations the protoplasmic.processes of the large
spider cells show a more marked differentiation into the fiber elements,
many of which have become independent of the process, but retain a

more or less definite relationship to the nucleus. The fibers appear in
the trabeculae which assume a parallel position to the direction of the
nerve fibers. Between these there is an interlacing, forming elongated
and ovoid spaces which are occupied by fat granule cells. The irregu¬
lar form of many of the fat granule cells within the tissue spaces
makes it apparent that they are compressed by the constantly increas¬
ing fiber formation. As the fibers become .more and more dense, the
fat granule cells occur less frequently in the tissue spaces. Some of
the remaining cells appear as a vacuole in the dense neuroglia tissue
or as an irregular mass of granular protoplasm in which the nucleus is
barely recognizable. In the adventitial spaces within the area and in
the transition zone there are numerous cells of this type. The struc¬
tural changes in the cells, and the differentiation of the cells appear
most distinctly in the toluidin blue preparations.

The nuclei of many cells are crenated and without a definite mem¬

brane, these belonging to the fat granule cells undergoing degenera¬
tion. There are numerous nuclei among which the small, round, deeply
stained ones predominate which belong to the small neuroglia cells.
The other nuclei are those of the larger glia cells and of the endo¬
thelial cells.

Finally no fat granule cells remain either in the perivascular tissue
spaces or in those of the vessel wall. The glia nuclei are fewer in
number than are normally present in the location in which the process
occurs, and they are mostly small but retain to a considerable extent the
circular arrangement around the vessel wall and in the perivascular
tissue, so that the three original zones are easily recognizable (Plate I,
Figs. Ill and IV). In the vessel wall there appear trabeculae of fine
fibrils and among them small elongated nuclei whose long axis is
parallel to the fiber trabeculae. In the Mallory anilin blue acid fuchsin
preparation these fibrils and the nuclei stain red while the tissue of the
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vessel wall stains blue (Plate II, Fig. IV). There is apparently a

gradual increase in the density of the former which completely
obliterates the spaces in the vessel wall and until all of the fibers fuse
into a homogeneous mass, which takes on a pale pink stain. The
neuroglia proliferation in the perivascular zone is in proportion to the
process in the vessel wall. The tissue in this zone has been altered to
a dense feltwork and in great part the nuclei have perished. The
transition zone keeps pace with the other zones, the glia reticulum
shows a greater density though the normal architecture is preserved,
nuclei are more numerous and more regularly placed than in the other
zones, the axis cylinders are more persistent. In the final stage of
complete sclerosis it is still possible to distinguish the three zones

which characterize these areas throughout their development and
which is dependent on the density of its elements (Plate I, Fig. VI).
There are other areas that properly come under the head of secondary
changes. The areas described in the preceding pages all have a place
in the successive stages of the development of primary and secondary
sclerotic plaques.

(This article mill be concluded in the February number)

Plate I. Secondary Changes in the Cortex

Fig. I.—Secondary lesion of cortex. Perivascular edematous zone (1).
Peripheral zone showing neuroglia cell proliferation and nerve cell changes
(2). Toluidin blue.

Fig. II.—Cortex showing axonal reaction in nerve cells and pathologic
neuroglia cells in the transition zone of a secondary lesion. Toluidin blue.

Fig. III.—Cross-section of vessel at margin of secondary focus. Lumen
(5). Fiber-forming neuroglia cells (8). Fat granule cells (9). Pathologic
neuroglia cells (10). Phosphotungstic acid hematoxylin stain.

Fig. IV.—Secondary changes in vessel wall following exúdate. Dense glia
fiber network (6). Vessel lumen (5). Neuroglia fibers pink, connective
tissue fibers blue (7). Mallory connective tissue stain.

Fig. V.—Secondary lesion showing the three characteristic zones. Peri¬
vascular space (1). Peripheral nucleated zone (2). Perivascular nucleated
zone (3). Transition zone (4). Engorged lumen of vessel (5). Toluidin blue.

Fig. VI.—Cross-section of thrombosed vessel showing three nucleated zones
of secondary lesion. Perivascular nucleated zone (3). Peripheral nucleated
zone (2). Transition zone (4). Silver impregnation method.
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Plate 2.—Perivascular Changes in Cortex the Result of a Circulatory
Obstruction

Fig. I.—An arrested secondary sclerosis showing "areolar area." secondary
perivascular changes. Lumen of vessel (5). New formed capillaries (7).
Van Gieson stain.

Fig. II.—Secondary perivascular changes the result of edema and softening.
Van Gieson stain.

Fig. III.—Longitudinal section of obstructed vessel with .exúdate showing
thrombus formation. Lumen of vessel (5). White thrombus (11). Primary
lesion (12). Wedge-shaped projections of the vessel wall, focus of primary
lesion (13). Van Gieson stain.

Fig. IV.—Secondary neuroglia proliferation in the perivascular neuroglia
zone. Outer perivascular neuroglia zone (3). Pathologic neuroglia cell (10).
Multinucleated cell—giant cell—(14). Mitotic neuroglia cell (18). Toluidin
blue stain.
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Plate 3.—Changes in Cortex Showing Cell Types

Fig. I.—Embryonic type of nerve cell showing bilateral indentations and
double nucleus. Toluidin blue stain.

Fig. II.—Cross section of a vessel including branch showing cell types in
various stages of development. Normal neuroglia (15). Nerve cell (16).
Undifferentiated cell (17). Intravascular and extravascular (17). Binucleated
epithelioid cells (18). Fibroblast (19). Toluidin blue stain.

Fig. III.—Longitudinal section of an unobstructed capillary showing vari¬
ous cell types. Note beginning changes in nucleus of undifferentiated cell.
Undifferentiated cells intravascular and extravascular (17). Mitotic cell (18).
Nerve cell (16). Ameboid neuroglia cell (20). Toluidin blue stain.

Fig. IV.-Longitudinal section of engorged vessel showing wavy outline of
vessel wall and various cell types both within and without the vessel. Patho¬
logic neuroglia (10). Undifferentiated cells—intravascular and extravascular
(17). Mitotic neuroglia cell (18). Fibroblast (19). Toluidin blue stain.
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Plate 4.—Localization of Primary Lesions in Spinal Cord and Nerve Roots

Fig. I,—Cross-section of thoracic cord showing large demyelinated areas

and intramedullary and extramedullary root changes. Primary lesion in anterior
root (20). Primary lesion in posterior root (22). Demyelinated areas the
result of primary lesion (23). Pal-Weigert stain.

Fig. II.—Cross-section showing neuroma in gray commissure of the cord.
Note the chain-like arrangement of embryonic types of cells in the periphery.
Neuroma (24). Obstructed blood vessel showing neuroglia reaction zone (25).
Central canal of the cord (26). Van Gieson stain.
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Plate 5.—Circumscribed Lesions of an Embryonic Structure in the Spinal
Cord, Nerve Roots and Root Zones

Fig. I.—Embryonic neurofiber formation in extramedullary anterior root.
Note elongated cells in the path of the fibers. Lumen of \'essel (5). Fibroblast
(19). Piameter (27). Degenerated nerve fibers (28). Cross-section of intra¬
medullary zone showing demyelinization and swollen axis cylinders (29). Van
Gieson stain.

Fig. II.—Extramedullary posterior root showing plaque formation. Intra¬
medullary posterior root (30). Primary plaque formation (31). Normal nerve
root (32). Neuroglia proliferation (33). Van Gieson stain.

Fig. III.—Extramedullary posterior root showing proliferation of cells in
sheath of Schwann. Fiber forming neuroglia (8). Undifferentiated cells (17).
Mitotic neuroglia cells (18)'. Pia mater (27). Embryonic cells in Schwann's
sheath (34). Normal axis cylinders (35). Swollen and degenerate axis
cylinders (36). Van Gieson stain.

Fig. IV.—Neuroma from gray commissure of cord (Photo. Plate II, Fig.
II). Neuroblasts showing fiber formation (37). Van Gieson stain.
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